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Future historians may 
remember this century for 

three scientific events: the 
splitting ot the atom, the 
first exploration of outer 

space, and the discovery of 
the structure of DNA.This 

last marked the start of 
genetic engineering, a 

science wfth the potential 
for changing life as we know 

it. The discovery was by 
Watson and Crick, whose 
work on the double helix 
brought them the Nobel 
Prtze. Without Oswald 

Avery, however, it might not 
have happened when it did. 

and 
of 

the’cascade 
Surprises 

T 4 lnalabomtmyfortyyearsagp, 
anobscumesearcher 

foundthekevthatunlockedthe 

0 
ne of the liveliest problems in cancer research 
these days is the behavior of oncogenes. strings 
of nucleic acid that were originally found in sever- 
al of the viruses responsible for cancer in labora- 
ton- animals, later discovered to exist in all 
normal cells. Bv itself. an oncogene appears to 
be a harmless dit of DNA, maybe even a useful 
one, but when it is moved from-its normal spot to 
a new one on another chromosome, it switches 
the cell into the unrestrained growth of cancer. It 
is not vet known how it does this. but no one 
doubts-that an answer is within reach. Some of 
the protein products of oncogenes have alread! 
been isolated and identified, and the site of their 
action lvithin the cell, probably just beneath the 
cell membrane, is now being worked on. The 
work is moving so fast that most recent issues of 
S&WI- ancl ,W24Yf contain several papers on 
oncogenes and their products. 

Hut cancer is only one among dozens of new 

problems for the scientists \vho work on DNA. 
The intimate details of genetically determined 
diseases of childhood are coming under close 
scrutiny, and the precise nature of the error in 
the DNA molecule has been observed in several, 
sickle-cell disease, for example, with more to 
come. The immunologists. embr?;ologists, cell 
biologists, and. recently. even the endocrinolo- 
gists have observed the Lvays in \r-hich small 
modifications of DIV.4 affect the behavior of the 
systems that they study. Ohsmvd is exactly the 
right word here: the UN.4 molecule can be in- 
spected visually. purified absolutely, analyzed 
chemically. cut into ivhatever lengths you like, 
transferred from one cell to another Or into a test 
tube for the manufacture of specific proteins. The 
techniques and instruments now available for 
studying DN.1 have become so sophisticated that 
I recently heard a young colleague. one of the 
new breed ui mc~lrcular genetlclsts,complaln 
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ihat “even a dumb researcher GIN do a 
perfectly beautiful expertment.” 

It is indeed a b~ologtcal rewlatton. un- 
ques;tionably the greatest ~~plleaul 111 bwl- 

ogy and medicine e\.er. 
It began just tifty years ago tn a small 

laboratory on the sixth door of the Hospital 
of the Rockefeller Institute for LIedical Re- 
search, overlooktng the East Kiver at Six- 
&-sixth Street tn New York. Professor 
Oswald T. Avec, a small. vanishtngly thin 
man with a constantly- startled expression 
and a very large and agtle brain, had been 
working on the pnrumococcus--the bac- 
terium causing lobar pneumonia-stnce 
the early years of LVorld B’ar I. 

Avery and his colleagues had discovered 
that the virulence of pneumococci was de- 
termined by the polysxcharides (complex 
sugars) contained in the capsules of the 
organisms and that different strains of 
pneumocowi possessed different types of 
polpsaccharide, xhich were readtly dis- 
tinguished from one anothrr bh- specific 
antibodies. It was not clear at that time that 
the t)rpe of polysaccharide ~vas a genetic 
property of the bactertal cells-it was not 
even clear that genes ~u~.si~~i in bacteria- 
but it was known that the organisms bred 
true; all generations of progeny’ from a 
pneumacoccus of one t>-pe were al\vays of 
that same type. This DYIS a soltd rule, and 
like a good many rules in btolo~ there ~vas 
an exception. 

An Eqgiish bxtrrtologtst. Fred (;rti!ith. 
had discovered in 1UXi that pntunxwcci 
could be induced to low thetr pal!-sac- 
chat-ides and then to snitch types under 
special circumstances. \\liiw mi~.‘e iv-et-e 
injected with a mtxt:urt oi ltvtl ha~wrta tht 
had los;t their capsules !and :verr thtwfore 
avtrulent). together ivith ht3-killed pnea- 
mococci (~fa dtiferent type‘, the antmals tiled 
of the Infection. and the bactert,i recc~\~rcd 
fnxn thctr blood \vtlrc now thy ~mt tb-pe <IS 
the heat-klllcd forctgn I ~~-,g;rn~s~n~. 

.A\.ep became tntcresttld tn the phcs- 
nomttnon and went tcr wrk on tt. ti!- the 
early 1930s it had bel~omt~ the twin preoc- 
cupatton of his laboraton. Ten yr;rrz later. 
wtth hts colleagues ioltn Al. hlazl,wd and 
\laclyn hlcC:arty. the \vork \v;is con- 
pleted. and in 19-11 the no~~-~A;~ss~c paper 
was published in thejrjltnttrl r!f EX/WI-IIIWW 
t~i .Iktlicitw. formidably entttletl “Studies 
on the ChemiA .Yature of the 5ub5t;inc~e 
Inductng ‘l’ran~fornl;ltic,n of Pnt~ttn~r~~occ~;ii 
‘I‘!-pes: Induction or ‘fransforniation by a 
I)estrsl;ribonucteic Acid Fraction Iwlated 
from Pncumococcu~ Type III. ” 

The work meant that the genes oi pneu- 
mowcci are made c,i IIN.4, and this came 
as a stunning surprise to twn?)ne-not 
]iist the bxtrriolo~ists but 211 birltogists. 
1.p unttl the announwr~ent. the concept of 
the gt‘ne was a sort oi abs;tractton. It 1~1s 
kno\vn that genes existed. but nobod!~ had 
the iaintest tdea what they \vt’rtx made of or 
luw tllc>- WlNhtYi. tlet?. ;lt Izt. \\;I:: ~hetll- 

ii.cll t‘\ i&nce for their tdt,iitiL!, anti. tnort~ 

at!,i;kcd c,u~~5:1on. can br it-ustratttt,~ i 
dtbpirittng. ht tt cm. \vtth luck. ;llso bt ( 
\v;I!- the n’ot-k tllO\t’5 ahead. .Avery j 
t~~ptii.illv gcrod .tt i~;iptt;tlizing on nitst;ii\: , 
ldt’;ls anti t!llkxt cspt4tmmt~ in his l;l/j,,. _ t-;itrlt?. tit* I> quottld bh- some c,t 111s assc,~~,. 

,itt’s as ha\.~tlg said. more than ~n(‘~. 
“~\lwnr~et- you fall. pick something up.“ 

‘I‘hts 1s the \v;I~ good science is dotit 
nclt by Iook~ng around for glenmtng ner,>. 
ttable bits of truth and picking them up (:, 
pockettng them like game birds. nor :’ 
an!- qiit of tnialltble hunch of where to 1, ,i 
and \\hat to find. Good science is dew ‘,: 
btxing CIII-~OLIS in gctwrcd, by asking qua \. 
ttons all arcw~d. by ackno\vledging tilt 
likclthood of being wrong and taking this lr 
,cocld humor for granted, by having a deer, 
fondness icw nature. and by being ma& 
ncr\ous and !umpy by tgnorance. A\,t,r, 
\V;IC: like thts;. a familiar tigure. fallible I-.:- 
be!.und qut~stion a ~woti man, the kin, : 
man !-OLI wild wsh to have in the fan. , 
:~~~tdetit~prc,nt, etror-prone. but right ;t 
the mark at the end. when it counted. 

C )ne thong for a good basic scientist t, 
hxe on his mind. and ~vorrv about, is ho;! 
hts lvork \vill be viewed by l& peers. If tht 
wc)rk is WI?. good. veq ne\v. and looks ;IC :’ 

it‘s opening up brand-new tetriton, he (‘ai 
be quote sure that he iv111 be criticized dcl\i. ’ 
to hts soc~ks. If he is onto something rt“ 0.’ 
lutionan. ntvr thought of before, con ;;. 
dii.ting ftwd nottons ivithin the commu t’ 
ot xic‘nct‘ tnvolved. he tends to keep II\ 
head dewy. \\hen he \vrites, he urite- ;.\ 
Avery \vrott‘. ;I 2auttous paper, as nlti 
commitlal as possible. avoiding btg estrap- 
olations to other t&Ids. 

Not all scientists with great discoverie? 
to their (t-edit receive the Nobel Prize, and 
.4\wy did not. This spectacular omish:ix 
continue5 to mvsti& the scientific 0 3 
munity and has never been explain c 
Kent! I Iubos thinks that the Nobel corn! J 
tee 1~1s not cominced that Aver)- knew .A 
signiticance of his own work, perhaps ht 
C‘;ILIS~T of the loin-key restraint with wtnf 
the manusc‘t-tpt ws written; the paper dice 
III It iay clut claims for opening the gate intt ~ 
;I new epoch in biology. although thts I. 
certainly \vhat it did accomplish. 

I doubt vety much that Oswald .4\1y 
nx ever tnxtbled by the absence of a ? 11. 
bei Prize or txven thought much abouT .I 
Lie ~vas not III any sense a disappclit .: 
man. He understood clearly, while :t 
\vork \V;IS going on, Lvhat its iniplicatirJlt: 
wre. and when it was finished he \c!‘ 
deeply pleas;ed and satistied by what :’ 
meant ior the future. He had set the sta:L 
ior the WK biology. and he knew that. 

Cotirrary to the general 5iew, not ji. 
-x-icntists do their best \vork in their tl.11 
tltx peak in their iorttes, and then > ‘: 
-tde. .\\w-y \vas sixty-seven years l(, 
~vhcn hts 1)N.A paper 1~1s publtshed. 6 
rtsttred four !wrs later and dted of can f 
at thtl ;igC (Ii se~wty33en. at peace \I .tI 
the \vorld. 
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M [Avery is] a 
doctor's doctor 

whollydevotedto 
thepro ressof 

f thepro ession; 
redoubtable 

pioneerinthe 
chemistryof 
immunology, 

whoselaboratory 
conquestshave 

quelledthe 
ravagesofdread 
pnenmonia;heis 

aprofessor 
withoutportfolio 

toahostofthe 
country%leading 
medicalteachers 
andresearchers, 
andhimselfone 

ofthetrulygreat 
scientists of 

modern times...." 
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